Introduction: Disparities in dementia prevalence across racial/ethnic groups in the United States may not be narrowing over time.
Background
Dementia is a syndrome characterized by difficulties with memory and other cognitive skills [1] that affects about 14% of people aged 71 years and older in the United States [2] . The number of Americans with Alzheimer's disease, the most common form of dementia, is projected to increase 157% between 2010 and 2050, rising from 3.6 million to 9.1 million affected persons and the costs of care are projected to increase from $181 billion to $1.1 trillion over this same period [3, 4] . Numerous studies have documented differences in dementia prevalence among racial and ethnic groups in the United States. Blacks and Hispanics are found to have a higher risk of dementia compared to whites across studies despite differences in designs, sampling methods, and definitions of dementia [2, [5] [6] [7] [8] [9] .
Racial and ethnic differences in dementia risk may result from biological, behavioral, sociocultural, and environmental factors including socioeconomic determinants such as education, income, occupation, wealth, and access to health care [10] [11] [12] . Quantifying the differences and analyzing the mechanisms can aid in the development of interventions, therapeutics, and public policy to reduce and eliminate racial and ethnic differences in dementia.
Dementia has multiple causes. Risk factors for dementia include older age, and modifiable factors include low physical activity and poor cardiovascular health (including diabetes, obesity, smoking, hypertension, high cholesterol) [13] . A hypothesized pathway from poor cardiovascular health to dementia is through reduced blood flow to the brain. Low education is also associated with increased risk of dementia and is theorized to operate through lower cognitive reserves. However, a causal pathway has yet to be established as low education is also associated with lower economic status, poor health, and lower utilization of medical treatments. Blacks and Hispanics have worse cardiovascular health [14] and lower levels of education than whites and may explain part of the dementia disparities across racial and ethnic groups [15] [16] [17] [18] [19] . In addition, other factors such as management of disease, physical activity, and wealth may also influence disparities [9, [20] [21] [22] . Little is known about the relative contribution of all these factors on dementia risk and if the associations differ for whites, blacks, and Hispanics.
Recent population-based studies have shown declines in dementia incidence or prevalence in high-income countries [16, 23, 24] . Several studies suggested that improved population cardiovascular health had spillover benefits on risk of dementia [15, 16, 23, 25] . Other studies argued that rising levels of education over the last 25 years were associated with reduction of dementia risk [16, [26] [27] [28] . In the United States, there is a variation in changes over time of educational attainment, prevalence and management of chronic diseases, and behaviors associated with poor cardiovascular health among racial and ethnic groups [29, 30] . How racial and ethnic disparities in dementia prevalence are changing over time will depend on both changes in risk factors and variation in their relative impact for whites, blacks, and Hispanics.
Methods

Study population
The study uses seven waves of a nationally representative prospective cohort of US adults, the Health and Retirement Study (HRS) from 2000 to 2012 [31] . A key feature of the HRS study design since 1992 is minority oversamples of African Americans and Hispanics and minority response rates at the baseline and in the longitudinal follow-ups have been equal to or better than those of majority whites [32] .
Since 1992, the study has collected data on a wide range of topics including health, cognition, family, employment, and wealth of US adults aged 51 years and older. The HRS follows respondents biennially till death, and new cohorts are enrolled at different times to maintain population representativeness. Participants were compensated about $80, and verbal informed consent was obtained from all respondents. Ethics approval was obtained from Health Sciences and Behavioral Sciences institutional review board at the University of Michigan.
We restricted our sample to white, black, or Hispanic adults aged 65 years and older, living in the community or in nursing homes. As a result, we have 75,796 personwave of data from 2000 to 2012 consisting of 18,606 unique individuals with an average of four waves of follow-up data and a maximum of seven waves. Overall, 84.9% were white, 8.6% black, and 6.5% Hispanic. There were slightly more than 10,000 respondents in each wave. Hispanic adults were less likely to be living in the nursing home (2.2%) compared to white (3.8%) and black (4.2%) (P , .05). Missing data were replaced by participant's information in the previous wave(s): hypertension (n 5 25, 0.2%), diabetes (n 5 26, 0.2%), heart disease (n 5 14, 0.1%), stroke (n 5 15, 0.1%), body mass index (n 5 118, 1.1%), vigorous activity (n 5 37, 0.4%), education (n 5 3, 0.0%). We included missing indicator variables in our multivariable regression. The study identified a proxy respondent (usually a spouse or adult child) to complete the survey when the respondent is unable or unwilling to participate in the survey. The proportion of proxy interview decreased from 12.5% (n 5 1321) in 2000 to 8.2% (n 5 864) in 2012. HRS had consistently high response rates of 88% in 2000 and 89% in 2012 [33] .
Exposures of interest
We used self-reported race and ethnicity to identify whites, blacks, and Hispanics. Respondents identified as other were excluded from the analyses because of small sample size. All regression models included a continuous biennial trend variable starting from wave 5 (year 2000) to wave 11 (year 2012).
Outcome
Cognitive functioning of HRS respondents is assessed using an adapted version of the Telephone Interview for Cognitive Status at each wave. Spanish versions had been developed for each of the questionnaires and have been administered by bilingual interviewers to Spanish-speaking respondents. Sample members who are unable to communicate adequately in either English or Spanish, and for whom interviews with proxy informants could not be obtained, are treated as nonrespondents and have been dropped from the study (http://hrsonline.isr.umich.edu/sitedocs/surveydesign. pdf). HRS imputed these measures when missing because they tend to be missing for the more cognitively impaired. The method is described in the study by Fisher et al. (2013) [34] . When a respondent does not do the cognitive assessment, cognitive status is determined using information provided by a proxy respondent, typically a spouse or other family member [35] . We assign cognitive state based on scores from the assessments [4, 16, 36] . We sum score of three cognitive assessments (range 0-27): immediate and delayed word recall Cognition scores are as follows: 0-6 5 demented, 7-11 5 mild impairment, no dementia, and 12-27 5 normal. Proxy scores are as follows: 0-2 5 normal, 3-5 5 mild impairment, no dementia, and 6-11 5 demented. Both proxy and nonproxy scores are combined into one variable.
Independent variables
We analyze the association of nonmodifiable and modifiable risk factors for dementia for whites, blacks, and Hispanics. Nonmodifiable factors include age (65-69, 70-74, 75-79, 80 years old) and gender (male, female). Also included are socioeconomic factors including highest level of educational attainment (less than high school, high school, college or more) and household wealth in 2010 $ ($53 000, $53 001-$178 000, $178 001-$470 000, $470 0011). Household wealth was the net value of total wealth including second home less all debt. In our analysis, we focus on the modifiable factors that include self-reported disease conditions associated with cardiovascular health (heart disease, diabetes, hypertension, stroke), utilization of drug treatment for the aforementioned conditions, self-reported body mass index, and exercise (vigorous activity performed never/rarely, some).
Statistical analysis
In the descriptive analysis, we used HRS sampling weights and reported weighted percentages (Fig. 1, Fig. 2 , Table 1 ). Trend in dementia prevalence by racial/ethnic groups was compared in Fig. 1 . Weighted chi-square test was performed to test the association between independent variables across waves by racial and ethnic groups ( Table 1) . We analyzed racial/ethnic differences in risk factors associated with dementia and used confidence intervals to discern statistically significant differences (Figures 2 and 3 ). In the multivariate analyses, we pooled data across seven waves from 2000 to 2012. We used mixed-effects logistic regression with both intercept and time trend to vary by individuals, using random-effects unstructured covariance to control for repeated observations [37] . The binary outcome was whether the individual has dementia and the reference group included those with normal cognition or cognitive impairment no dementia (CIND). We combined CIND with normal cognition, as 64% of individuals who had CIND never transition into dementia. We also included a linear time trend for years 2000 to 2012. First, we fitted four separate models (model 1: demographic variables only; model 2: added cardiovascular risk factors and use of drug treatments; model 3: added exercise, BMI; model 4: added education and wealth) to study what factors change the association of dementia and race and ethnicity ( Fig. 3 , Table 2 ). Second, we used logistic regression analysis separately for whites, blacks, and Hispanics to study the differential association of risk factors across race and ethnicity ( Table 2, Table A .2). unchanged over the next 10 years (16.7% in 2012). Although disparities in dementia prevalence between blacks and whites declined (from 15.9% in 2000 to 11.9% in 2012), the decline was not statistically significant (P 5 .228). Similarly, while there was a slight increase in dementia prevalence between Hispanics and whites (from 8.2% in 2000 to 9.3% in 2012), this was not statistically significant (P 5 .292). Table 1 shows the distribution of characteristics of whites, blacks, and Hispanics in 2000 and 2012. In 2012, compared to blacks and Hispanics, whites were older; were less likely to have hypertension (whites 67%, blacks 82%, Hispanics 73%), diabetes (whites 23%, blacks 37%, Hispanics 41%), and stroke (whites 12%, blacks 16%, Hispanics 11%); were more likely to have heart disease (whites 34%, blacks 31%, Hispanics 26%); were more likely to have normal body mass index (whites 31%, blacks 25%, Hispanics 30%); were more likely to participate in vigorous activity (whites 40%, blacks 31%, Hispanics 36%); were more likely to have attained college education (whites 49%, blacks 31%, Hispanics 20%); and were more likely to have higher household wealth (household wealth greater than US$470 000: whites 33%, blacks 6%, Hispanics 10%).
Results
Prevalence of dementia declined from
Comparing across time, there is an increase in prevalence of disease associated with risk of dementia: hypertension, diabetes, and heart disease across all racial and ethnic groups ( Table 1 and Fig. 2A ). Hispanics had a greater increase in cardiovascular risk factors and lower gains in educational attainment compared to whites and blacks ( Fig. 2A) . Prevalence of chronic diseases had increased in whites, blacks, and Hispanics with an absolute percentage change in hypertension: 17%, 16%, 22%; diabetes: 9%, 15%, 17%; and heart disease: 5%, 4%, 6%, respectively ( Fig. 2A ). These factors were statistically different across all racial and ethnic groups (P , .01). On the other hand, there was also an increase in use of drug treatments for whites, blacks, and Hispanics Missing data were imputed based on participant's information in the most recent previous wave: hypertension (n 5 40, 0.19%), diabetes (n 5 40, 0.19%), heart disease (n 5 28, 0.13%), stroke (n 5 21, 0.1%), body mass index (n 5 252, 1.17%), vigorous activity (n 5 41, 0.19%), education (n 5 3, 0.01%). Percentage does not sum to 100% due to participants who disputed about their conditions: hypertension (white 5 2.0%, black 5 1.6%, Hispanics 5 2.5% in Y2000); diabetes (white 5 0.3%, black 5 0.2%, Hispanics 5 0.5% in Y2000); heart disease (white 5 1.5%, black 5 1.6%, Hispanics 5 1.6% in Y2000 and Y2012).
with hypertension, diabetes, and heart diseases (Fig. 2B) ; thus, the effect on dementia risk of these diseases may have been moderated. The decline in insulin use among those with diabetes is a proxy for declining severity of disease and was higher for blacks than for whites and Hispanics. Fig. 3 reports the odds ratios for presence of dementia in blacks and Hispanics compared to whites from four different logistic regression models using pooled data from 2000 through 2012. We analyzed how particular risk factors attenuated the estimated level difference between blacks and whites and Hispanics and whites in models with results shown in Table A.1 and illustrated in Fig. 3 . The models provide an interpretation of the association of a particular risk factor on dementia prevalence adjusting for differences in race/ethnicity. Adjusting for age and gender only, the likelihood of dementia was 3.7 times for blacks than for whites and 2.9 times for Hispanics than for whites (Fig. 3, with socioeconomic factors as the main drivers in the reduction in racial and ethnic differences in dementia prevalence (Fig. 3) . Declining dementia prevalence over time was explained by the included risk factors (OR 5 1.01, CI 0.99-1.02) such as management of chronic diseases with drug treatment and higher levels of educational attainment and wealth over time among successive birth cohorts of whites and blacks (Table A.1). 
Sensitivity analysis
We performed sensitivity analysis and broke down education into finer categories (0-5 years [reference group], 6-9 years, 10-12 years, 13-15 years, 15 or more years of education). We found similar education gradient, where higher education was associated with lower odds of dementia across all racial/ethnic groups. The protective effect of . Regression also adjusted for missing dummy variables across person-wave: hypertension (0.3%), diabetes (0.3%), heart attack (5.3%), and vigorous activity (0.15%). *P , .05; **P , .01; ***P , .001. education on dementia occurred in those with at least 6 years of education in all racial/ethnic groups, and higher education was associated with lower odds of dementia.
In addition, we also ran sensitivity analysis excluding the CIND group from controls (Table A. 2) and compared participants with the highest versus lowest cognitive status. The results were qualitatively unchanged while, as expected, the estimated ORs increased. For example, blacks and Hispanics had higher odds of dementia compared to whites [OR Black 5 3.26 (Table A. 2) vs. 2.18 (Table 2) , OR Hispanics 5 1.91 (Table A. 2) vs. 1.47 (Table 2) ].
We also perform sensitivity analysis testing the differences in risk factors by racial/ethnic groups in a fully interacted model. This model included all two-way interaction of risk factors and racial/ethnic groups (i.e., race ! risk factors interactions). Race and disease interaction effects (hypertension, diabetes, heart disease, and stroke) were not statistically significant.
Discussion
Racial/ethnic differences in dementia prevalence
To the authors' knowledge, this is the first study of dementia by racial and ethnic groups using a large nationally representative survey of Americans aged 65 years or older and spanning 12 years. Prior evidence on racial/ethnic disparities relied heavily on comparisons of dementia across studies. There have been systematic reviews of dementia prevalence across multiple subpopulations within the United States showing racial/ethnic disparities, but strong variations exist between and within populations in terms of methods used and assessment [38] [39] [40] . One study used health care claims but, without data on socioeconomic status, could not examine if racial/ethnic disparities exist after adjusting for these factors [41] . We used the same diagnostic classification strategy over 12 years for all racial/ethnic groups. We found that racial/ethnic disparity in dementia prevalence continues to persist over 12 years and only narrowing for blacks. After adjustment for modifiable and nonmodifiable risk factors, blacks and Hispanics had 2.0 and 1.5 times the odds of dementia, respectively, compared to whites. This was consistent with other studies [7, 8] that support the robustness of this dementia measure for racial/ethnic minorities.
Racial/ethnic differences in dementia risk factors
This study focused on disease risk factors and the use of drug treatment for these risk factors and examined differential association with dementia for whites, blacks, and Hispanics. Prevalence of cardiovascular diseases such as hypertension, diabetes, heart disease, and stroke in all racial/ethnic groups increased over time, but the rate of increase was highest among Hispanics. There was also an increase in drug treatment uptake over time and a reduction in insulin use for diabetes suggesting improved management of cardiovascular diseases among all racial/ethnic groups in the United States.
While increased prevalence of cardiovascular diseases was associated with increased odds of dementia, we found dementia risk among people using drug therapy for disease was not different compared to those without these diseases. This study illuminated that these associations were not statistically different for whites, blacks, and Hispanics; however, further study on heterogeneous effects across racial/ ethnic groups is needed with larger samples sizes of racial/ ethnic minorities to improve the precision of the estimates. Several point estimates, for example, on hypertension, were suggestive of differential effects across racial and ethnic groups.
In additional analyses, we estimated the effects of use of cholesterol-lowering drugs (data only available beginning in 2006). We found that the use of a cholesterol-lowering drug was associated with reduction in odds of dementia by 23% across all groups with higher reductions in whites compared to blacks and Hispanics (OR w 5 0.73, CI 0.64-0.83; OR B 5 0.84, CI 0.57-1.25; OR H 5 0.85, CI 0.50-1.47). This supports research findings using Medicare claims data on the protective association of statins and Alzheimer's disease [25] .
With the limited number of novel treatments in development, identifying therapeutics for other diseases that have potential to reduce dementia risk may be a promising approach for reducing risk and addressing racial disparities in care and prevention. Multiple therapies for treatment of high-prevalence conditions such as diabetes, hypertension, and hyperlipidemia have been associated with a reduction in dementia risk. Blacks and Hispanics have higher rates of all three conditions, and identifying drugs for which conditions influence risk, and for whom, may be an effective near-term strategy for reducing dementia development and onset.
We found that education level and wealth were positively associated with reduced dementia risk. Education attainment increased over 12 years, particularly among older blacks and whites. Prior studies also found that higher education was associated with better cognitive function consistent with the cognitive reserve hypothesis that links education with better tolerance of age-related brain changes and thus function [42, 43] . The pathways through which environmental factors, including socioeconomic determinants, function and interact and lead to health differences across populations are complex, shaped in part by geographical and political factors that reduce access to high-quality schooling, constrain employment choices, and diminish financial resources and reduce access to quality health care [10] . Other sociocultural factors, such as poor or negative interactions with the health care system, may reduce health care over the lifecycle, resulting in onset and poor treatment of diseases that increase risk of dementia.
Racial/ethnic differences in dementia trends over 12 years
Using the same data as in a recent study, we confirmed the decreasing trend in dementia prevalence from 2000 to 2012 [16] but added to our understanding how trends differed for whites, blacks, and Hispanics. Between 2000 and 2012, whites and blacks experienced a 25% reduction in dementia prevalence, whereas the reduction among Hispanics was 8% and was driven by the decline from 2000 and 2002-thereafter, dementia prevalence remained constant among Hispanics. Disparities in dementia prevalence between whites and blacks declined, driven by the larger decline in prevalence among blacks. Disparities between whites and Hispanics increased over this period.
Limitations
Our study has its limitations. We found that disparities in dementia prevalence were not driven by differences in the relative contributions of the risk factors: the magnitude of association between a given risk factor and dementia risk was not statistically different for whites, blacks, and Hispanics. However, sample size of our populations of blacks and Hispanics is small, and thus, confidence intervals around some estimates of risk factors are large.
Results revealed no increase in risk of dementia associated with chronic diseases among those using drug treatments for the disease relative to not having the disease. For example, we found treated hypertension reduced dementia prevalence relative to those without the disease for whites and there was no difference for blacks and Hispanics. The use of drug treatment may be associated with unobservable factors that are also correlated with dementia and may differ across racial/ethnic groups. The data do not provide sufficient detail to understand the mechanism of the effect or variation by race/ethnicity. For example, there may be differences across race/ethnicity in class of hypertensive drug used. Recent studies reported that blacks had higher rates of poor cardiovascular outcome when using angiotensinconverting enzyme inhibitors compared to whites [44, 45] . In addition, while the HRS has self-reported chronic diseases and treatment, we do not have a full history of patients' diagnosis and how long they had been treated for.
Measurement of dementia is based on cognitive tests and thus subject to measurement error. Measurement error may vary across racial and ethnic groups and may be more severe for blacks and Hispanics if correlated with factors such as educational attainment. Our models, however, control for many factors that may be associated with this type of measurement error. While validation studies based on a clinical evaluation show high concordance with our dementia measure, as described in the study by Langa et al. 2017 , validation was not assessed by race/ethnicity.
Differential time trends in dementia across racial and ethnic groups may be affected by the declining proportion of the sample represented by a proxy over time that varied across racial and ethnic groups. We estimated models by race that also controlled for proxy response and the results were robust. The increased risk of dementia for blacks and Hispanics relative to whites is reduced but not eliminated after adjusting for a rich set of observable risk factors associated with dementia that vary across racial and ethnic groups. Future studies are needed to examine other differences across racial and ethnic groups affecting dementia risk such as the presence of APOE ε4 alleles, sleep duration, diet, and type of therapeutic drugs being used to treat chronic conditions.
Conclusion
Racial disparities in dementia are significant and have declined over time for blacks but not for Hispanics. While disparities may be reduced by increasing levels of cognitive reserve and prevention and management of disease among blacks and Hispanics, there also remains a complex combination of socioeconomic and cultural factors associated with these disparities. Health disparities often are seen through the lens of access to care or resources, though a lack of diversity in clinical therapeutic development means that surmounting access barriers will not reduce disparities if therapeutics target only a small fraction of the diverse population. Public health prevention programs aimed at reducing cardiovascular risks such as hypertension, diabetes, and stroke or at improving the management of these diseases may both improve the quality of life of the elderly and lower dementia risk. These programs should also consider the complex combination of socioeconomic and cultural factors associated with racial/ethnic disparities in dementia risk, while research must identify treatment options for racial and ethnic minorities by recruiting diverse participants into clinical trials of new therapeutics.
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